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SEMICONDUCTOR DEVICE Thus , when a predetermined voltage is applied to the gate 
electrode , the gate potential increases gradually . Then , when 

CROSS REFERENCE TO RELATED the gate potential becomes equal to or larger than the 
APPLICATIONS threshold voltage Vth , the current starts to flow between the 

5 collector electrode and the emitter electrode . In this case , the 
This application is a U . S . national stage application of hole supplied to the drift layer is restricted by the CS layer 

International Patent Application No . PCT / JP2016 / 000925 from discharging from the emitter electrode , and the hole is 
filed on Feb . 22 , 2016 and is based on Japanese Patent drawn to the accumulation layer . Here , since the hole is 
Applications No . 2015 - 35360 filed on Feb . 25 , 2015 , and easily accumulated near the CS layer , the hole is easily 
No . 2016 - 28255 filed on Feb . 17 , 2016 , the disclosures of 10 accumulated at a portion of the accumulation layer disposed 
which are incorporated herein by reference . near the CS layer . The gate potential is changed by the hole 

TECHNICAL FIELD accumulated at the portion , and therefore , the switching 
controllability is reduced . 

The present disclosure relates to a semiconductor device 15 PATENT LITERATURE having a trench gate type insulated gate bipolar transistor 
( i . e . , IGBT ) . Patent Literature 1 : JP - 2005 - 347289 - A 

BACKGROUND ART SUMMARY 
Conventionally , a semiconductor device having an IGBT 

is well known to be utilized in an electronic equipment such It is an object of the present disclosure to provide a 
as an industrial motor ( for example , see Patent Literature semiconductor device with reducing an on - state voltage and 
No . 1 ) . restricting reduction of the switching controllability . 

Specifically , in the semiconductor device , a base layer is 25 According to an aspect of the present disclosure , a semi 
formed in a surface portion of a semiconductor substrate conductor device includes : a semiconductor substrate hav 
having a drift layer with a N - conductive type , and a carrier ing a drift layer with a first conductive type ; a base layer 
storage layer ( i . e . , CS layer ) is formed between the base having a second conductive type and disposed on the drift 
layer and the drift layer . Multiple trenches are formed to layer ; a carrier storage layer having the first conductive type 
penetrate the base layer and the CS layer . Each trench is 30 with an impurity concentration higher than the drift layer , 
filled with a gate insulation film on a sidewall of the trench and arranged over the drift layer ; a collector layer having the 
and a gate electrode on the gate insulation film . An emitter second conductive type and arranged on the drift layer 
region having a N + conductive type is formed in a surface opposite to the base layer ; a plurality of trenches penetrating 
portion of the base layer to contact with the trench . the base layer and the carrier storage layer , reaching the drift A collector layer having a P + conductive type is formed 35 layer , and arranged along one direction of a planar direction on a back side of the semiconductor substrate . An emitter of the semiconductor substrate ; a gate insulation film electrode is formed on a front side of the semiconductor arranged on a sidewall of each trench ; a gate electrode substrate to be electrically connected to the base layer and arranged on the gate insulation film ; and an emitter region the emitter region . A collector electrode is formed on the 
backside of the semiconductor substrate to be electrically 40 having the first conductive type , arranged in a surface 
connected to the collector layer . portion of the base layer , and contacting each trench . A 

In the semiconductor device , when a voltage lower than on thickness of at least a portion of a part of the gate insulation 
the collector electrode is applied to the emitter electrode , and film arranged on a sidewall of each trench disposed on a 
further , a voltage equal to or larger than a threshold voltage collector layer side from a peak position , at which the 
Vth of an insulation gate structure is applied to the gate 45 impurity concentration of the carrier storage layer is highest , 
electrode , an inversion layer ( i . e . , a channel ) having the N is thicker than a thickness of another part of the gate 
conductive type is formed at a portion of the base layer insulation film arranged on the sidewall of each trench 
contacting with the trench , and an accumulation layer of an disposed on an opening portion side of the trench from the 
electron is formed at a portion of the drift layer and a portion peak position . 
of the CS layer contacting with the trench . Further , the 50 In the above semiconductor device , when the device is 
electron is supplied to the drift layer via the accumulation switched from the off state to the on state , even if the carrier 
layer and the inversion layer from the emitter region , and the is accumulated near the sidewall of the trench disposed near 
hole is supplied to the drift layer from the collector layer . the CS layer , the variation of the gate potential caused by the 
Thus , the resistance of the drift layer is reduced by conduc - carrier is restricted at the thick part of the gate insulation film 
tivity modulation , so that the device becomes an on state . At 55 since the thick gate insulation film is formed on at least a part 
this moment , since the hole accumulated in the drift layer is of the sidewall of the trench . Accordingly , the on state 
restricted by the CS layer from discharging to the emitter voltage is reduced , and the reduction of the switching 
electrode via the base layer , the on state voltage is reduced . controllability is restricted . 
However , in the semiconductor device , although the on 

state voltage is reduced by the CS layer , a difficulty arises 60 BRIEF DESCRIPTION OF DRAWINGS 
such that a switching controllability is reduced when switch 
ing from the off state to the on state since the CS layer is The above and other objects , features and advantages of 
formed . Here , the off state indicates a feature such that the present disclosure will become more apparent from the 
current does not flow between the collector electrode and the following detailed description made with reference to the 
emitter electrode . The on state indicates a feature such that 65 accompanying drawings . In the drawings : 
the current flows between the collector electrode and the FIG . 1 is a diagram showing a cross sectional view of a 
emitter electrode . semiconductor device according to a first embodiment ; 
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and 

FIG . 2 is a diagram showing an intermediate state while semiconductor process such that the impurity having the N 
the semiconductor device is transferring from the on state to conductive type is ion - implanted , and then , the thermal 
the off state ; treatment is executed . Accordingly , the peak position of the 

FIG . 3 is a diagram showing a relationship between a CS layer 13 is a middle position between the drift layer 11 
voltage and time , the voltage between the collector electrode 5 and the base layer 12 in the stacking direction . In other 
and the emitter electrode in the semiconductor device having words , the peak position of the CS layer 13 is disposed in an 
a uniform thickness of a gate insulation film ; inside of the CS layer 13 . Further , in other words , the peak 

FIG . 4 is a diagram showing a relationship between a position of the CS layer 13 in the present embodiment is 
voltage and time , the voltage between the collector electrode disposed between a boundary between the CS layer 13 and 
and the emitter electrode in the semiconductor device shown 10 the drift layer 11 and a boundary between the CS layer 13 
in FIG . 1 ; and the base layer 12 . 

FIG . 5 is a diagram showing a cross sectional view of a The second trench 14b has a distance between facing 
semiconductor device according to a second embodiment ; sidewalls longer than a distance between facing sidewalls of 

the first trench 14a . Thus , the trench 14 has a bottle shape . 
FIG . 6 is a diagram showing a cross sectional view of a 15 In the present embodiment , a connection portion between 

semiconductor device according to another embodiment . the first trench 14a and the second trench 14b has a shape 
with a curvature ( i . e . , a rounded shape ) , so that the first 

DETAILED DESCRIPTION trench 14a and the second trench 14b are smoothly con 
nected to each other . Here , not shown in the drawing , the 

Embodiments of the present disclosure will be explained 20 connection portion between the first trench 14a and the 
with reference to the drawings as follows . Here , the embodi - second trench 14b may be steeply changed so as to be an 
ments are explained such that the same or the corresponding 
portion in each embodiment has the same reference numeral . A part of the gate insulation film 14 formed on the 

sidewall of the second trench 14b is thicker than another part 
First Embodiment 25 of the gate insulation film 14 formed on the sidewall of the 

first trench 14a . Thus , a part of the gate insulation film 15 
A first embodiment will be explained . A semiconductor formed on the sidewall of the trench 14 on the other surface 

device according to the present embodiment may be pref - 10b side of the semiconductor substrate 10 from the peak 
erably utilized as a power switching device in a power position of the CS layer 13 ( i . e . , on the collector layer 22 
source circuit such as an inverter and a DC - DC converter , 30 side later described ) is thicker than another part of the gate 
for example . insulation film 15 formed on the sidewall of the trench 14 
As shown in FIG . 1 , the semiconductor device includes a disposed on the opening portion side of the trench 14 from 

semiconductor substrate 10 having a N - conductive type the peak position . In other words , the thickness of the part 
functioning as a drift layer 11 . A base layer 12 having a P of the gate insulation film 15 formed on the sidewall of the 
conductive type and a CS layer 13 having an impurity 35 trench 14 contacting the CS layer 13 and disposed on the 
concentration higher than the drift layer 11 are formed on the other surface 10b side of the semiconductor substrate 10 
drift layer 11 ( i . e . , on one surface 10a side of the semicon from the peak position is thicker than the thickness of the 
ductor substrate 10 ) . In the present embodiment , the CS other part of the gate insulation film 15 formed on the 
layer 13 is formed between the drift layer 11 and the base sidewall of the trench 14 disposed on the opening portion 
layer 12 . Thus , the CS layer 13 and the base layer 12 are 40 side of the trench 14 from the peak position . 
formed on the drift layer 11 in turn from the drift layer 11 Here , in the present embodiment , a part of the gate 
side . insulation film 15 formed on a bottom of the second trench 
Multiple trenches 14 are formed to penetrate the base 14b is also thicker than a part of the gate insulation film 15 

layer 12 and the CS layer 13 and to reach the drift layer 11 . formed on the sidewall of the first trench 14a . Thus , all parts 
The base layer 12 and the CS layer 13 are divided by the 45 of the gate insulation film 15 formed on the sidewall of the 
trenches 14 . Multiple trenches 14 in the present embodiment second trench 14b is thicker than a part of the gate insulation 
are formed to have a stripe pattern at regular intervals along film 15 formed on the sidewall of the first trench 14a . 
one direction of a planar direction on the one surface 10a of Although not limited , in the present embodiment , the thick 
the semiconductor substrate 10 ( i . e . , along a direction per - ness of the part of gate insulation film 15 formed on the 
pendicular to a sheet of the drawing in FIG . 1 ) . 50 sidewall of the first trench 14a is 100 nanometers , and the 

Each trench 14 is filled with a gate insulation film 15 thickness of the part of the gate insulation film 15 formed on 
formed to cover a sidewall of each trench 14 and a gate the sidewall of the second trench 14b is 200 nanometers . The 
electrode made of poly silicon or the like and formed on the gate insulation film 15 formed on the sidewall of the trench 
gate insulation film 15 . Thus , the trench gate structure is 14 includes a portion formed by a CVD method or the like 
prepared . The trench gate structure in the present embodi - 55 on the sidewall of the trench 14 and a portion formed by a 
ment will be explained in detail as follows . thermal oxidation method or the like on the sidewall of the 

Each trench 14 in the present embodiment includes a first trench 14 . 
trench 14a providing an opening portion of the trench 14 and In the present embodiment , the trench gate structure is 
formed to a middle portion of the CS layer 13 and a second formed as described above . Accordingly , regarding the dis 
trench 14b connected to the first trench 14a and reaching the 60 tance between adjacent trenches 14 , the distance A between 
drift layer 11 . Specifically , the second trench 14b is con - adjacent second trenches 14b is shorter than the distance B 
nected to the first trench 14a at a peak position of the highest between adjacent first trenches 14a . 
impurity concentration of the CS layer 13 . Thus , the first An emitter region 17 having the N + conductive type and 
trench 14a is formed to the peak position of the CS layer 13 a body region 18 having the P + conductive type sandwiched 
from the one surface 10a of the semiconductor substrate 10 . 65 between the emitter regions 17 are formed in surface por 
Here , in FIG . 1 , the peak position is shown by a dotted tions of the base layer 12 . The emitter region 17 has an 

line . Further , the CS layer 13 is formed by a conventional impurity concentration higher than the drift layer 11 . The 
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emitter region 17 ends in the inside of the base layer 12 , and lation , and the device becomes an on state . Here , in FIG . 2 , 
further , contacts with the sidewall of the trench 14 . On the the interlayer insulation film 19 and the emitter electrode 20 
other hand , the body region 18 has an impurity concentration and the like are not shown . 
higher than the base layer 12 , and ends in the inside of the In the above case , the gate potential of the gate electrode 
base layer 12 , similar to the emitter region 17 . 5 16 increases gradually by the voltage applied from the gate 

Specifically , the emitter region 17 extends along the control circuit . Then , when the gate potential is equal to or 
extending direction of the trench 14 so as to have a bar shape larger than the threshold voltage Vth , the current flows 
and to contact with the sidewall of the trench 14 in an area between the collector electrode 23 and the emitter electrode 

20 . At this moment , the hole supplied to the drift layer 11 is between adjacent trenches 14 . The emitter region 17 has a 
structure to end on an inner side from a top end of the trench 10 restricted by the CS layer 13 from being discharged from the 

emitter electrode 20 , and the hole is drawn to the accumu 14 . Similarly , the body region 18 extends along the extend lation layer 32 . Specifically , since the hole is easily accu ing direction of the trench 14 so as to have a rod shape and mulated near the CS layer 13 , a large amount of hole is to be sandwiched between two emitter regions 17 . The body easily accumulated at a portion of the accumulation layer 32 region 18 has a structure to end on an inner side from a top 15 ide Irom a top 15 contacting the sidewall of the second trench 14b . 
end of the trench 14 . Here , in the present embodiment , the Accordingly , in a conventional semiconductor device 
body region 18 is formed to be deeper than the emitter having the gate insulation film 15 formed uniformly on the 
region 17 with reference to the one surface 10a of the sidewall of the trench 14 , the gate potential of the gate 
semiconductor substrate 10 . electrode 16 may be easily changed by the hole accumulated 
An interlayer insulation film 19 made of BPSG or the like 20 in the accumulation layer 32 . Thus , as shown in FIG . 3 , 

is formed on the one surface 10a of the semiconductor before the gate potential sufficiently becomes high ( i . e . , 
substrate 10 . A contact hole 19a is formed in the interlayer before the voltage between the collector electrode and the 
insulation film 19 to expose a part of the emitter region 17 emitter electrode becomes constant ) , a change occurs such 
and the body region 18 from the interlayer insulation film that the voltage between the collector electrode and the 
19 . The emitter electrode 20 is formed on the interlayer 25 emitter electrode steeply increase . Here , after the gate poten 
insulation film 19 to be electrically connected to the emitter tial increase sufficiently , since the current stably flows 
region 17 and the body region 18 via the contact hole 19a . between the collector electrode 23 and the emitter electrode 

A field stop layer 21 ( i . e . , a FS layer ) having the N ES laver ) having the N 20 , there is no difficulty even if the gate potential is 
conductive type is formed on a side of the drift layer 11 increased by the hole . 
opposite to the base layer 12 side ( i . e . , on the other surface 30 30 On the other hand , in the present embodiment , the thick 
10b side of the semiconductor substrate 10 ) . The FS layer 21 ness of the part of the gate insulation film 15 formed on the 

sidewall of the second trench 14b is thicker than the thick is not always necessary , but the FS layer 21 prevents the ness of the part of the gate insulation film 15 formed on the depletion layer from expanding so that the breakdown sidewall of the first trench 14a . Thus , the part of the gate voltage and the steady loss are improved , and further , the os 35 insulation film 15 contacting a portion of the accumulation 
injection amount of the hole injected from the other surface layer 32 where the hole is easily accumulated . Accordingly , 
10b side of the semiconductor substrate 10 is controlled . as shown in FIG . 4 , even if a large amount of hole is 

The collector layer 22 having the P + conductive type is accumulated at apportion of the accumulation layer 32 near 
formed to be opposite to the drift layer 11 and to sandwich the CS layer 13 , the gate potential is restricted by the hole 
the FS layer with the drift layer 11 . The collector electrode 40 from changing . Accordingly , when the semiconductor 
23 is formed on the collector layer 22 ( i . e . , on the other device is switched from the off state to the on state , before 
surface 10b side of the semiconductor substrate 10 ) to be the gate potential sufficiently increases ( i . e . , before the 
electrically connected to the collector layer 22 . voltage between the collector electrode and the emitter 

Thus , the semiconductor device according to the present electrode becomes constant ) , the voltage between the col 
embodiment is described above . Here , in the present 45 lector electrode and the emitter electrode is restricted from 
embodiment , the N + conductive type and the N - conductive rapidly increasing ( i . e . , the voltage has a waveform that the 
type correspond to the first conductive type , and the P voltage is gradually reduced ) . Thus , the reduction of switch 
conductive type and the P + conductive type correspond to ing controllability is restricted . 
the second conductive type . Next , the operation of the FIG . 3 shows a simulation result when the thickness of the 
semiconductor device will be explained . 50 gate insulation film 15 is 100 nanometers . FIG . 4 shows a 

In the above semiconductor device , the emitter electrode simulation result when the thickness of the part of the gate 
20 is grounded , and the positive voltage is applied to the insulation film 15 formed on the sidewall of the first trench 
collector electrode 23 . When the predetermined voltage is 4a is 100 nanometers , and the thickness of the part of the 
applied from the gate control circuit not shown such that the gate insulation film 15 formed on the sidewall of the second 
gate potential of the gate electrode 16 is equal to or larger 55 trench 4b is 200 nanometers . Further , the feature Rg in 
than the threshold voltage Vth of the insulation gate struc - FIGS . 3 and 4 indicates the gate resistance . As shown in 
ture , the inversion layer ( i . e . , the channel ) having the N FIGS . 3 and 4 , even when the magnitude of the gate 
conductive type for connecting between the emitter region resistance Rg is changed , the fundamental waveform is not 
17 , the CS layer 13 and the drift layer 11 is formed at a substantially changed although the time when the current 
portion of the base layer 12 contacting the trench 14 , and 60 starts to flow is different . When the thickness of the gate 
further , the accumulation layer 32 of the electron is formed insulation film 15 is homogeneous ( i . e . , in FIG . 3 ) , the 
at a portion of the drift layer 11 and a portion of the CS layer variation occurs such that the voltage between the collector 
13 contacting the trench 14 , as shown in FIG . 2 . The electron electrode and the emitter electrode rapidly increases . 
is supplied from the emitter region 17 to the drift layer 11 via The hole is restricted from being discharged from the 
the inversion layer , and the hole is supplied from the 65 emitter electrode 20 since the CS layer 13 provides the 
collector layer 22 to the drift layer 11 , so that the resistance potential barrier . The potential barrier becomes large at the 
of the drift layer 11 is reduced by the conductivity modu peak position of the CS layer 13 . Accordingly , the hole is 
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easily concentrated at the peak position of the CS layer 13 , first embodiment . Other features are similar to the first 
and the hole is easily accumulated at the portion of the embodiment , and therefore , the other features are not 
accumulation layer 32 neat the peak position . Thus , the hole explained . 
is most easily accumulated at the portion of the accumula In the present embodiment , as shown in FIG . 5 , the 
tion layer 32 formed in the CS layer 13 disposed on the 5 distance between facing sidewalls in the trench 14 along the 
collector layer 22 side from the peak position . direction perpendicular to the one surface 10a of the semi Accordingly , in the present embodiment , the thickness of conductor substrate 10 is constant . Thus , the trench 14 is the part of the gate insulation film 15 formed on the sidewall configured to only one trench . of the trench 14 contacting the CS layer 13 disposed on the The gate electrode 16 includes a first gate electrode 16a collector layer 22 side from the peak position is thicker than 
the thickness of the part of the gate insulation film 15 formed med 10 formed from the opening portion side of the trench 14 to the 
on the sidewall of the trench 14 disposed on the opening peak position and a second gate electrode 16b connected to 
portion side from the peak position . Thus , the part of the gate the first gate electrode 16a at the peak position and arranged 
insulation film 15 contacting the accumulation layer 32 at on the bottom side of the trench 14 . The width of the first 
which the hole is easily accumulated is thick . Accordingly , gate electrode 16a is longer than the width of the second gate 
the gate potential is effectively restricted from rapidly 15 electrode 16b . 
increasing when the device is switched from the off state to Here , the first gate electrode 16a and the second gate 
the on state . electrode 16b are electrically connected to each other . Fur 
As described above , in the present embodiment , the part ther , the width of the first gate electrode 16a and the width 

of the gate insulation film 15 formed on the sidewall of the of the second gate electrode 16b are defined as a length in 
second trench 14b is thicker than the part of the gate 20 a direction perpendicular to the extending direction of the 
insulation film 15 formed on the sidewall of the first trench trench 14 and in parallel to the planar direction of the one 
14a . Accordingly , even when the large amount of hole is surface 10a of the semiconductor substrate 10 ( i . e . , a right 
accumulated in the accumulation layer 32 near the CS layer left direction of the sheet of the drawing in FIG . 5 ) . Thus , in 
13 , the gate potential is restricted from varying by the hole . the present embodiment , similar to the first embodiment , the Accordingly , when the semiconductor device is switched 25 25 thickness of the part of the gate insulation film 15 formed on from the off state to the on state , the rapid change of the the sidewall of the trench 14 contacting the CS layer 13 voltage increasing between the collector electrode and the disposed on the collector layer 22 side from the peak emitter electrode is restricted from occurring , so that the position is thicker than the thickness of the part of the gate reduction of the switching controllability is limited ( see FIG . insulation film 15 formed on the sidewall of the trench 14 4 ) . Thus , in the semiconductor device according to the 
present embodiment , the impurity concentration of the CS CS 30 disposed on the opening portion side from the peak position . 
layer 13 is increased so that the on state voltage is reduced , In the above semiconductor device , since the thickness of 
and further , the reduction of the switching controllability is the part of the gate insulation film 15 formed on the sidewall 
restricted . of the trench 14 disposed on the collector layer 22 side from 

Furthermore , in the present embodiment , the thickness of the peak position of the CS layer 13 is thicker than the 
the part of the gate insulation film 15 formed on the sidewall 35 thickness of the part of the gate insulation film 15 formed on 
of the trench 14 contacting the CS layer disposed on the the sidewall of the trench 14 disposed on the opening portion 
collector layer 22 side from the peak position is thicker than side from the peak position , effects similar to the first 
the thickness of the part of the gate insulation film 15 formed embodiment are obtained . 
on the sidewall of the trench 14 disposed on the opening 
portion side from the peak position . Thus , the part of the gate 40 Other Embodiments 
insulation film 15 contacting the accumulation layer 32 at 
which the hole is easily accumulated is thick . Accordingly , For example , the first embodiment is described such that 
the variation of the gate potential is much effectively the first conductive type corresponds to the N conductive 
restricted . type , and the second conductive type corresponds to the P 

Further , in the present embodiment , the part of the gate 45 conductive type . The first conductive type may correspond 
insulation film 15 formed on the bottom of the second trench to the P conductive type , and the second conductive type 
14b is thicker than the part of the gate insulation film 15 may correspond to the N conductive type . 
formed on the first trench 14a . Accordingly , although the In the above first embodiment , as described above , a large 
hole is easily accumulated in the accumulation layer 32 near amount of hole is accumulated in the accumulation layer 32 
the CS layer 13 , the hole is also accumulated at a portion of 50 near the CS layer 13 ( i . e . , on the sidewall of the trench 14 
the accumulation layer 32 contacting a portion spaced apart near the CS layer 13 ) . Thus , as shown in FIG . 6 , the 
from the CS layer 13 ( i . e . , a portion on the bottom of the thickness of the part of the gate insulation film 15 formed on 
second trench 14b ) . Thus , the variation of the gate potential the bottom of the second trench 14b may be equal to the 
is restricted by the hole accumulated at the portion . thickness of the part of the gate insulation film 15 formed on 

Further , in the present embodiment , regarding the dis - 55 the sidewall of the first trench 14a . Specifically , the thick 
tance between adjacent trenches 14 , the distance A between ness of the part of the gate insulation film 15 formed on the 
adjacent second trenches 14b is shorter than the distance B bottom of the second trench 14b may be thinner than the 
between adjacent first trenches 14a . Accordingly , comparing thickness of the part of the gate insulation film 15 formed on 
a case where the distance between adjacent trenches 14 is the sidewall of the second trench 14b . Similarly , in the above 
constant to be equal to the distance B between adjacent first 60 second embodiment , the thickness of the part of the gate 
trenches 14a , the hole is more easily accumulated in the drift insulation film 15 formed on the bottom of the trench 14 may 
layer 11 so that the on state voltage is further reduced . be equal to the thickness of the part of the gate insulation 

film 15 formed on the opening portion side of the trench 14 
Second Embodiment from the peak position of the CS layer 13 . 

65 Further , in the above first and second embodiments , 
A second embodiment will be explained . In the present examples are explained such that the thickness of the part of 

embodiment , the trench gate structure is different from the the gate insulation film 15 formed on the sidewall of the 
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second trench 14b is wholly thicker than the thickness of the a plurality of trenches penetrating the base layer and the 
gate insulation film 15 formed on the sidewall of the first carrier storage layer , reaching the drift layer , and 
trench 14a . Alternatively , as long as the thickness of at least arranged along one direction of the planar direction of 
a portion of the part of the gate insulation film 15 formed on the semiconductor substrate ; 
the sidewall of the second trench 14b is thicker than the 5 a gate insulation film arranged on a sidewall of each 
thickness of the gate insulation film 15 formed on the trench ; 
sidewall of the first trench , the variation of the gate potential a gate electrode arranged on the gate insulation film ; and 
is restricted by the at least the thick portion of the part . an emitter region having the first conductive type , 
Specifically , when the thickness of at least a portion of the arranged in a surface portion of the base layer , and 
part of the gate insulation film 15 formed on the sidewall of 10 contacting each trench , wherein : 

a thickness of at least a portion of a part of the gate the trench 14 disposed on the collector layer 22 side from the insulation film arranged on a sidewall of each trench peak position of the CS layer 13 at which the impurity disposed on a collector layer side from the peak posi 
concentration is the highest is thicker than the thickness of tion that is thicker than a thickness of another part of the gate insulation film 15 formed on the sidewall of the the gate insulation film arranged on the sidewall of each trench 14 disposed on the opening portion side of the trench 15 trench disposed on an opening portion side of the 14 from the peak position of the CS layer 13 , the variation trench from the peak position . 
of the gate potential is restricted by the at least the thick 2 . The semiconductor device according to claim 1 , 
portion of the part . For example , in the first and second wherein : embodiments , the thickness of only the part of the gate the carrier storage layer has a peak position at a middle 
insulation film 15 formed on the sidewall of the trench 14 20 position of the carrier storage layer in a stacking 
contacting the drift layer 11 may be thicker than the thick direction of the drift layer and the base layer ; and 
ness of the gate insulation film 15 formed on the sidewall of the thickness of the part of the gate insulation film the trench 14 disposed on the opening portion side of the arranged on the sidewall of each trench contacting the trench 14 from the peak position . Similarly , in the above first carrier storage layer disposed on the collector layer side 
and second embodiments , the thickness of only the part of 25 from a peak position is thicker than the thickness of the 
the gate insulation film 15 formed on the sidewall of the another part of the gate insulation film arranged on the trench 14 contacting the CS layer 13 disposed on the sidewall of each trench disposed on the opening portion collector layer 22 side from the peak position may be thicker side of the trench from a peak position . 
than the thickness of the part of the gate insulation film 15 3 . The semiconductor device according to claim 1 , formed on the sidewall of the trench 14 disposed on the 30 wherein : 
opening portion side of the trench 14 from the peak position . each trench includes a first trench providing an opening 

In the above first and second embodiments , the CS layer portion and arranged to the peak position and a second 13 may divide the base layer 12 into an upper region and a trench connecting to the first trench , reaching the drift 
lower region at the inside of the base layer 12 not at a layer , and having a distance between facing sidewalls 
boundary between the drift layer 11 and the base layer 12 . 35 longer than a distance between facing sidewalls of the Specifically , the lower region of the base layer 12 , the CS first trench ; layer 13 and the upper region of the base layer 12 may be the part of the gate insulation film arranged on the 
arranged on the drift layer 11 in this order . sidewall of the second trench is thicker than the another While the present disclosure has been described with part of the gate insulation film arranged on the sidewall 
reference to embodiments thereof , it is to be understood that 40 of the first trench ; and the disclosure is not limited to the embodiments and con a distance between adjacent second trenches is shorter 
structions . The present disclosure is intended to cover vari than a distance between adjacent first trenches . 
ous modification and equivalent arrangements . In addition , 4 . The semiconductor device according to claim 1 , while the various combinations and configurations , other wherein : combinations and configurations , including more , less or 45 each trench has a constant distance between facing side only a single element , are also within the spirit and scope of walls ; 
the present disclosure . the gate electrode includes a first gate electrode arranged 

The invention claimed is : from the opening portion side of the trench to the peak 
1 . A semiconductor device comprising : position and a second gate electrode connecting to the 

a semiconductor substrate having a drift layer with a first first gate electrode at the peak position and arranged on 
conductive type ; a bottom side of the trench ; and 

a base layer having a second conductive type and dis the first gate electrode has a width larger than a width of 
posed on the drift layer ; the second gate electrode . 

a carrier storage layer having the first conductive type 55 5 . The semiconductor device according to claim 1 , 
55 wherein : with an impurity concentration higher than the drift the thickness of further another part of the gate insulation layer , the carrier storage layer being arranged over the film arranged on a bottom of each trench is thicker than drift layer and having an impurity concentration that 

the thickness of the another part of the gate insulation varies in a direction perpendicular to a planar direction 
of the semiconductor substrate and includes a peaks film arranged on the sidewall of each trench disposed 
position of highest impurity concentration ; on the opening portion side of the trench from the peak 

a collector layer having the second conductive type and position . 
arranged on the drift layer opposite to the base layer ; 


